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Atrial fibrillation (AF) is one of the most globally prevalent arrhythmias with multifactorial factors, including environmental and genetic predisposition influences. The present case report describes a 30-year-old Ecuadorian mestizo male diagnosed with persistent AF with an history of hyperthyroidism, later progressing to hypothyroidism post-radioactive iodine therapy. Genomic test identified variants of uncertain significance in the TTN, MYH11, and RAF1 genes, which are associated with cardiovascular diseases but not directly linked to AF. The interplay between thyrotoxicosis and genetic predispositions is discussed as a potential mechanism underlying AF development. This report emphasizes the need for genomic screening and personalized strategies in populations like Ecuador with complex genetic and environmental backgrounds.
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Introduction

Cardiovascular diseases (CVDs) remain the leading cause of mortality worldwide across different ethnic groups (1). In 2019, approximately 17.9 million of deaths were attributed to CVDs, with ischemic heart diseases, and arrhythmias as contributors (2). In Ecuador, CVDs are one of the primary causes of death (3). Atrial fibrillation (AF) is the most common arrhythmia globally, affecting approximately 50 million people as of 2020, with its prevalence increasing due to aging and associated comorbidities (4–6). AF is characterized by uncoordinated atrial electrical activity, resulting to ineffective atrial contractions and hemodynamic compromise (7, 8). It is associated with increased cardiovascular morbidity and mortality, with a 1.5 to 2- fold higher risk of death, and evidence suggests that this risk is grater in women than men (6, 9).

AF is traditionally linked to multifactorial conditions influenced by environmental and structural factors, like cardiac structural diseases, heart valve disease, hypertension, endocrinology diseases as hyperthyroidism and genetic predisposition (10). Heritability studies estimate that up to 30% of AF cases are associated with genetic factors (11). Genome-wide association studies have documented more than 100 loci for AF, some of them consistent in different ethnic groups (11, 12). Genes such as TTN, MYH7, MYH6, LMNA and KCNQ1 playing roles in cardiac structure, ion channel function and cellular signaling pathways (7). Other genes, such as MYH11, and RAF, may also contribute to arrhythmogenesis through disruption in mechanical and electrical stability.

The Myosin Heavy Chain 11 (MYH11) gene encodes a member of the smooth muscle myosin heavy chain family. It functions by converting chemical energy into mechanical energy through the ATP hydrolysis, which is important for cardiac contractility and cytoskeletal integrity. Variants in MYH11 are inked to structural and arrhythmogenic abnormalities, for its potential disruption in the mechanical and electrical stability (13, 14).

Similarly, Titin (TTN) gene encodes a large protein found in striated muscle, providing structural connections at the level of individual microfilaments and balancing sarcomere. Titin also acts as an adhesive element for the contractile machinery in muscle cells. Variants in TTN are associated with arrhythmias caused by sarcomere disfunction (15–18).

Additionally, Raf-1 Proto-Oncogene (RAF1) gene encodes MAP 3-kinase, which functions downstream of the Ras family of membrane GTPases to which it binds, regulating the RAS/MAPK pathways. Variants in the gene are implicated in Noonan syndrome, LEOPARD syndrome, hypertrophic cardiomyopathy and electrical instability (19–21).

This report presents the case of an Ecuadorian patient diagnosed with atrial fibrillation. By examining the genetic contribution to AF in this case, the article aims to underscore the importance of genomic screening in understanding the molecular mechanisms of AF, thereby improving diagnosis and management. Such advances in cardiovascular care are critical in Ecuador, where strategies are needed to bridge diagnostic gaps, enhance prevention efforts, and tailor treatments to the unique characteristics of Ecuadorian population. This report adds to the scientific literature by highlighting the importance of genomic and environmental interactions in AF pathogenesis by exploring a unique case from Ecuador, where routine genomic testing is uncommon.



Case presentation

This case study describes a 30-year-old man, self-identified as mestizo, from El Carmen, Manabí, Ecuador. Ancestral component analysis was conducted using 46 Ancestry-Informative Markers (AIMs)-Indels, as described by Zambrano et al. (22), revealing proportions of 34.5% Native American, 47.6% European, and 17.9% African (Figure 1). The study was approved by the UTE University Ethics Committee (CEISH-2021-016), and written informed consent was obtained before performing Next-Generation Sequencing (NGS). The patient also consented to including his clinical and imaging data in scientific publications (Figure 2).
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FIGURE 1
Ancestry composition of the subject. The subject's ancestry is represented in yellow, with African ancestry depicted in red, Native American ancestry in blue, and European ancestry in light green.
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FIGURE 2
Timeline of clinical events. The figure illustrates the chronological progression of the patient's clinical history, including the diagnosis of hyperthyroidism in 2014, the onset of atrial fibrillation in 2017, radioiodine treatment in 2021, subsequent development of hypothyroidism, genetic testing, and successful electrical cardioversion in 2022 and 2023.


In 2017, the subject was diagnosed with atrial fibrillation (AF) after reporting occasional isolated palpitations. Initial management included propranolol at 80 mg daily. Previously, in 2014, he had been diagnosed with hyperthyroidism and was prescribed tapazole at a dose of 10 mg three times daily. In 2021, his clinical presentation of hyperthyroidism progressed to thyrotoxicosis with diffuse goiter, which showed an enlarged thyroid gland with a thyroid volume of 14.2 ml (male normal value: 4.8–12 ml), Free thyroxine (FT4) of 1.14 ng/dl [Normal value (NV): 0.89–1.76 ng/dl], thyroid-stimulating hormone (TSH) of 2.94 uUI/ml (NV: 0.55–4.76 uUI/ml), and antimicrosomal antibodies (TPO) of 1249.50 UI/ml (NV: <60 UI/ml). Since he did not respond to antithyroid treatment, definitive therapy with radioactive iodine (I-131) was administered at a dose of 15 millicuries (mCi). The procedure was performed without complications and resulted in a significant reduction in thyroid volume. However, subsequent blood tests revealed significantly elevated thyroid autoantibodies, including anti-thyroglobulin (201 UI/ml; Normal Value <60 UI/ml), anti-thyroperoxidase (>6,500 UI/ml; Normal Value <60 UI 7 ml), and abnormal levels of thyroid hormones: FT4 of 0.56 ng/dl, and TSH of 12.65 uUI/ml, consistent with an autoimmune etiology and hypothyroidism following treatment with I-131. The subject developed symptoms of fatigue, lethargy, and constipation, leading to the discontinuation of tapazole, which led to implementing a treatment with oral levothyroxine (LT4) at 75 μg daily, along with recommendations for regular exercise. In four months, he achieved a weight reduction of 5 kg.

However, the proband continued to experience cardiac symptoms, including recurrent episodes of palpitations. As a result, bisoprolol 5 mg daily and propafenone 225 mg three times daily were added to his treatment. His family history revealed no known cardiac diseases; however, his mother had died of pulmonary metastasis, and his maternal and paternal uncles had a history of type 2 diabetes mellitus (Supplementary Figure S1). Moreover, environmental risk factors included exposure to ultraviolet radiation daily, and pesticides twice a week during his eight years of work in agricultural fields.

In 2022, one year after iodine therapy, the subject presented with chest tightness, which culminated in syncope accompanied by sphincter relaxation. Given this condition, an electrocardiogram (EKG) was performed, and no dynamic alterations of the T wave or ST segment suggestive of myocardial ischemia were detected. However, there was evidence of irregularities in the R-R interval and an absence of P waves confirming atrial fibrillation rhythm.

The patient was admitted to the cardiology department, where Holter monitoring confirmed persistent atrial fibrillation. During hospitalization, a presumptive diagnosis of systemic connective tissue involvement was considered, with suspicion of an autoimmune condition potentially underlying the arrhythmia. A rheumatology consultation was requested, but tests for antinuclear antibodies (ANA) and anti-DNA antibodies were negative.

One month after admission, an echocardiogram was performed to evaluate his left atrium and rule out thrombi, facilitating the safe execution of electrical cardioversion. The procedure was successfully conducted using a synchronized 200-joule shock, without complications.



Follow-up and outcomes

In 2023, it was suggested to investigate the presence of genomic variants associated with hereditary cardiac conditions. In this context, genomic studies were performed using next-generation sequencing. The patient's genomic DNA was analyzed with the TruSight Cardio (TSC) panel (Illumina, Inc. San Diego, CA, USA), which includes 174 genes associated with 17 cardiac conditions. The sequencing was conducted on the Illumina MiSeq platform, achieving a coverage of ≥20× in 97.91% of the targeted regions. The results revealed that the proband is heterozygous for a variant of uncertain significance (classified according to ACMG guidelines (23), NM 001267550.2:c.97442G>A:p.(Gly 32481Glu), in the TTN gene. Additionally, two other variants of uncertain significance (classified according to ACMG guidelines (23) were identified: MYH11 gene variant NM_002474.2:c.2288T>C: p.(Ile763Thr) and RAF1 gene variant NM_002880.3:c.37A>G:p. (Asn13Asp). These variants are associated with cardiovascular diseases and could potentially explain the patient's persistent atrial fibrillation (Table 1).



TABLE 1 Genetic variant detected in the patient.



	Gene
	Variant type
	NCBI references sequence: nucleotide/protein change
	dbSNP
	Suggested classification (ACMG)
	ACMG classification
	Frequency





	TTN
	Missense variant
	NM 001267550.2:c.97442G > A:p.(Gly 32481Glu)
	rs201364164
	Uncertain significance
	PM2, BP6a
	ALFA: 0.000b



	MYH11
	Missense variant
	NM_002474.2:c.2288T > C: p.(Ile763Thr)
	rs944017240
	Uncertain significance
	PM2, PP3a
	ALFA: 0.000b



	RAF1
	Missense variant
	NM_002880.3:c.37A > G:p. (Asn13Asp)
	rs1382771046
	Uncertain significance
	PM2a
	ALFA: 0.000b




	aPM2: Absent from controls (or at extremely low frequency if recessive) in Exome Sequencing Project, 1,000 Genomes Project, or Exome Aggregation Consortium; BP6: Reputable source recently reports variant as benign, but the evidence is not available to the laboratory to perform an independent evaluation; PP3: Multiple lines of computational evidence support a deleterious effect on the gene or gene product.


	bFrequency for the Latin American population from the ALFA project.







At the patient's most recent follow-up, a sinus rhythm was observed on the ECG, with no irregularities in the R-R interval characteristic of atrial fibrillation. Dynamic alterations in the T wave suggestive of ischemia or prolongation of the PR interval (0.20 s) were also absent, indicating a favorable response to the treatment administered. However, mild ST-segment elevations in lead D2 were observed, likely due to the pharmacological effects of propafenone.

Other findings in the ECG included a negative T wave in lead V1, which may be normal in certain young patients, however, due to the proband's arrhythmia we can suspect an abnormal ventricular repolarization. Additionally, permanent morphological changes consistent with left atrial enlargement were noted. These changes were likely attributable to the atrial fibrillation history and were evident in leads V1 and V2, where a P wave with a terminal component exceeding 0.12 s was observed. Moreover, a notched P wave in lead D2 further supported the diagnosis of left atrial hypertrophy due to chronic atrial fibrillation (Figure 3).
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FIGURE 3
Patient's electrocardiogram. Left atrial enlargement, likely secondary to atrial fibrillation, is evidenced by a broad terminal P wave (>0.12 s) in leads V1 and V2 and a notched P wave in lead D2, indicating left atrial hypertrophy.




Discussion

Atrial fibrillation (AF) has been associated with thyroid dysfunction, which leads to an increased risk of morbidity and mortality (24, 25). Thyroid hormones regulate the expression of several genes involved in the generation and conduction of ionic currents in the heart (25). Moreover, it has been described that hyperthyroidism or hypothyroidism was related to atrial arrhythmia and ventricular arrhythmia, respectively (26). Furthermore, an altered thyroid profile could promote a cardiac evaluation in individuals without genetic or congenital predisposition to cardiac arrhythmias. Therefore, early pharmacological treatment of hypo/hyperthyroidism symptomatology could improve or prevent future cardiac events (26).

In this case, a young individual without genomic variants strongly related to AF and a clear hyperthyroidism profile showed a persistent AF phenotype under beta-blocker, antiarrhythmic, and antithyroid pharmacological treatments. It has been described that hyperthyroidism is associated with a shortened action potential duration, which triggers the development of AF (27). Moreover, the pharmacological treatment of hyperthyroidism was related to an improved heartbeat; however, a persistent AF under radioactive iodine treatment has also been observed, which was related to thyrotoxicosis (high triiodothyronine levels in blood), history of smoking, and older age (28, 29). There was no history of smoking in this patient, however, a large period of exposure to pesticides (8 years) was reported in his clinal record. This exposure could trigger the thyrotoxicosis and the subsequent AF. Moreover, high blood levels of antithyroglobulin and antimicrosomal antibodies suggest an autoimmune thyroid disease as the trigger for thyrotoxicosis. These approaches could be evaluated with a specific genomic panel to autoimmune diseases to discard Grave's Disease.

In addition to thyrotoxicosis, several genetic variants related to cardiac alterations were detected. First, a missense variant p.(Ile763Thr) in the MYH11 gene was detected. This mutation has not been previously related to AF; however, it has been related to familial thoracic aortic aneurysm (30). For instance, Pucci et al., identified MYH11 variants in a family with Thoracic aortic aneurysms and syncope episodes (31). Similarly, Petrea et al., described a MYH11 genetic variant in a patient with intracranial aneurism, aortic abnormalities, and family history of stroke (32). Even though, this patient did not present aneurysms, this genetic variant must be considered to promote surveillance for the potential emergence of aneurysms or syncope, as previously reported in the proband. This surveillance must be permanent due to the autosomal dominant inheritance of this disease, and the reports of aortic disease (33, 34) and intracranial vessel stenosis (35), related to mutations in this gene. Like MYH11, MYH6 and MYH7 also encode for the molecular motor's myosin heavy chain alpha and beta, respectively (36), and variations in these genes have been associated with reduced cardiac performance and higher occurrence of AF (37). Therefore, the MYH11 variant detected in this proband could also contribute to less cardiac structural integrity, which could lead to the early onset of AF as described in this case. However, the underlying molecular mechanism remains unclear and could be further evaluated to describe its role in AF pathophysiology.

Another missense variant p.(Asn13Asp) in the RAF1 gene was also identified. This variant has not been previously correlated with AF. However, a variant in this gene (p.Ser257 Leu) was related to various types of arrhythmias including AF, in a newborn male with Noonan syndrome. In this case, the underlying mechanism of AF was associated with an impaired calcium signaling caused by the activation of the calcineurin/nuclear factor of activated T cells and downregulation of sarco/endoplasmic reticulum Ca2+-ATPase 2a (38). Moreover, dilated cardiomyopathy (DCM), a disease with an autosomal dominant inheritance pattern, and sudden cardiac death have been associated with mutations in this gene. The echocardiogram results of this patient did not show any structural abnormalities. However, active surveillance must be carried out to prevent cardiac complications in the future (39). Therefore, it is crucial to understand the role of RAF1 variants in AF pathophysiology through cardiac electrophysiology alterations given the association between RAF1 variants and ventricular arrhythmias (40).

Lastly, another missense variant p.(Gly32481Glu) in the TTN gene was also detected. Notably, variants in this gene were not related to AF; however, TTN variants have been previously correlated with cardiac disease. For instance, Paz-Cruz et al., identified p.(Val23881Leu) and p.(Arg3224Gly) variants in a 43-year-old man with an episode of aborted sudden cardiac death and diagnosed with a cardiac arrhythmia (41). Similarly, another TTN variant (c.6790+3 A>G) was correlated with exertional dyspnea and DCM in a 32-year-old man (42).

Loss of function variants in this gene have been associated with abnormal sarcomere function, atrial fibrosis, and longer PR interval, which were related to AF pathogenesis in zebra fish models (43). Furthermore, a case-control study showed that impaired sarcomere structure and function were related to TTN variants and suggested its role in early-onset AF (44). Mutations in this gene have also been correlated with DCM, which could potentially trigger heart failure, sudden cardiac death, and the need for a heart transplant (45). The inheritance form of DCM is also autosomal dominant, although not all variants are disease-causing (46). In this case, a normal dimension of the heart in the patient's clinical record could suggest that this variant does not cause DCM; however, surveillance is advised due to the risk of potentially developing cardiomyopathies. Therefore, the TTN variant described in this case could be implicated in the proband's early-onset AF. Further research is required to understand the underlying mechanisms of TTN and cardiac disease.

Therefore, the identification of novel genetic variants in MYH11, RAF1, and TTN genes in a patient with early-onset AF, with absence of structural cardiac anomalies, highlights the potential role of this variants in the pathogenesis of AF. Taken together, variants in MYH11, RAF1, and TTN genes could be implicated in an altered structural integrity of cardiac muscle, electrophysiological, sarcomere integrity, and atrial fibrosis, which may underlie the early onset of AF, as it has been observed in this proband. These findings underscore the role of genetic screening in individuals with unexplained AF that may reveal genetic risk factors correlated with AF, prognosis, and personalized management strategies.

The ancestral analysis of this patient showed a high European proportion (47.6%) and a low African proportion (17.9%). It has been reported that Black Americans have more risk of developing hyperthyroidism (47). Moreover, Grave's Disease is also more common in black people than white (48, 49). The predisposition to this pathology could be evaluated in mestizo populations like the Ecuadorian due to the high African descendant people present in this country (22). Therefore, the association between ancestry proportion, genomic variants, and clinical phenotype could improve the diagnosis challenges and implement a personalized therapeutic strategy.

The novelty of the present case report lies in the comprehensive approach utilized. This study not only presents a clinical evaluation but also incorporates an environmental history, identifying potential detrimental effects of chronic pesticide exposure that may have contributed to the patient's cardiac pathology. In addition, the report considers pharmacological treatments that may have exacerbated the cardiac condition in the participant.

The study also includes genetic ancestry analysis in an underrepresented population, such as that of Ecuador. Due to the intricate country's history of colonization and admixture processes, the genetic architecture of its population is particularly complex, as seen in the participant. The patient's ancestry shows a predominantly European ancestry background, followed by Native American and African components. These findings highlight the importance of considering genetic ancestry in the clinical interpretation of disease risk and presentation.

Furthermore, genetic analysis revealed variants that could explain the cardiac phenotype of the patient. The possibility of additive effects between these variants could increase their potential pathogenicity. However, further research, such as in-silico and functional studies, are needed to clarify the impact of these variants and how they may be related to the patient's pathology.

The present case report has limitations. For instance, there is a lack of similar case reports studies that correlates the role of MYH11, TTN or RAF1 variants and AF. Moreover, there is a limited number of genomic tests to detect variants associated with autoimmune diseases, which give the clinical phenotype of this patient, may potentially lead to a precise diagnosis and tailored treatment.

Furthermore, there is no genomic data of the proband's family that could help to determine if the detected variants were inherited or not. Although the clinical record showed type 2 Diabetes and cancer in the patient's relatives, no records of autoimmune or cardiomyopathies were present. Due to the patient's environmental exposure to pesticides, it is important to investigate the potential connection between this toxic exposure and the development of thyrotoxicosis in this case. This exploration could help identify genetic variants that make individuals more susceptible to thyrotoxicosis when exposed to environmental stressors like pesticides. Additionally, recent findings have linked genetically influenced behavioral factors, such as smoking initiation, to an increased risk of atrial fibrillation (50). Although the patient has no history of smoking, these findings emphasize the need to examine gene-environment interactions in complex diseases like atrial fibrillation and thyrotoxicosis.

A significant limitation of this report is the lack of regional genomic data, which constrains the interpretation of the identified variant of VUS. Although the variants exhibit an allele frequency of zero in Latino populations according to ALFA, the absence of population-specific reference datasets from Ecuador or Latin America limits the ability to contextualize their clinical relevance. This highlights the urgent need to expand genetic databases in underrepresented populations to enhance the accuracy of variant classification.

Finally, another important limitation of this case is the lack of long-term follow-up data. Clinical outcomes, including the recurrence of atrial fibrillation or the progression of structural heart disease, could not be evaluated. Although limitations in healthcare access hindered long-term follow-up, such monitoring is crucial for better understanding the prognostic impact of the identified genetic variants and environmental exposures. Future studies should include long-term clinical follow-up to validate the pathogenic relevance and clinical significance of these findings.



Conclusion

This case highlights the multifactorial risk factors of AF in a young individual with hyperthyroidism and no genomic variants related to AF. Persistent AF under pharmacological and radioactive iodine treatments, stand out the complex interplay of thyrotoxicosis, pesticide exposure, and AF development. This interplay could promote future research that explores the role of pesticide exposure in the development of thyrotoxicosis and cardiac pathologies.
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Supplementary Figure 1

Pedigree of the Family. The pedigree outlines the family history across three generations (I, II, III). While the proband presents with arrhythmia, no similar conditions are observed in other family members. Notable familial history includes diabetes mellitus in maternal and paternal uncles and pulmonary metastasis in the proband's mother.
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